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;hate combination of circumstances missed the last mail, together 
“with the rest of my month’s correspondence. This accident is 
Jihe more to be regretted, that some requests for special observa¬ 
tions will, I fear, be too late now to be attended to so fully as I 
sure they would otherwise have been. 

My health has somewhat suffered from the prolonged strain 
t>f the past two months, and I propose to-morrow to go “ up the 
mountain ” for a week’s holiday and cool fresh air, and then to 
return to the completion of the triangulation of the Mars stars 
of comparison and the observations of Melpomene, when I hope 
the present period of cloudy weather will be past.* 

Mars Bay, Ascension Island, 

October 5, 1877. 


On the Inferences for the Value of Mean Solar Parallax and other 
Elements deducible from the Telescopic Observations of the 
Transit of Venus, 1874, Decembers, u-hich were made in the 
British Expedition for the Observation of that Transit. By Sir 
G. B. Airy, K.G.B., Astronomer Royal. 

The Society are aware that, in response to a question in the 
House of Commons, a Report of the results as to the value of 
the Mean Solar Parallax derived from the telescopic observations 
made in the British Expedition for observing the late Transit of 
Venus was prepared and printed in the past summer, and is 
now on sale with other parliamentary documents. Although all 
important points were fully treated in that Report, several minor 
matters were necessarily deferred ; some which, in the first in¬ 
stance, did not present themselves for consideration ; and some 
which, under pressure of time, it was difficult to examine. I 
propose, in the present Paper, to supplement the Parliamentary 
Paper ; to describe the process there pursued up to the point of 
treatment of equations, omitting, however, the somewhat 
voluminous details ; and to resume the equations and to treat 
them in what appears to be the legitimate form; presenting the 
results which, I think, necessarily follow from the British tele¬ 
scopic observations. At some future time, I trust, these obser¬ 
vations, and these reductions (with any variations which time 
may suggest) in a more orderly form, and with the additional 
inferences to be derived from the photographic operations, will 
be printed under the auspices of the British Government. 

Acting as official superintendent, and under official responsi¬ 
bility, I have examined and approved every part of the opera¬ 
tion. But I am bound to state that the most important 
discrimination of classes of observations, the scrutiny of individual 
observations, the organisation of an efficient computing staff, and 

* The statements of the observations of Mars which form part of these 
Reports are printed p. 17 et seq. —Ed. 
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lv— I I 

■tiie general maintenance of order in the calculations, are due to 
j^laptain Gi. L. Tupman, R.M.A., head of the British Expedition 
;ipr observing the Transit of Venus. 

1S1 

!p! The printed paper to which I have alluded specifies the 
I tilements of geographical position and the evidence for accuracy 
“of longitude at each of the stations. It contains also the descrip¬ 
tion of the classes of observations to which the observers had 
attached definite times. At ingress it was usually possible to 
distinguish three classes of recorded observation, which, for con¬ 
venience, were marked a, j 3 , y, of which /I appeared to be most 
certain. At egress the classes (in the opposite order as regarded 
change of angular interval between the limbs) were c, t, £, rj; 

£ or £ appeared to correspond with j 3 (I think e the better, but '£ 
was more frequently noted), and rj corresponded vaguely with a. 
The observations of all these classes are carefully distinguished 
and fully exhibited. 

The order of reductions then adopted was as follows :—The 
observations were first divided into the two great groups of 
Ingress and Egress, which were kept separate to the end. Then 
the group of Ingress was divided into different pairs of com¬ 
parison (accelerated by parallax at Sandwich Islands with re¬ 
tarded at Kerguelen ; accelerated at Sandwich Islands with re¬ 
tarded at New Zealand ; retarded at New Zealand with retarded 
at Rodriguez; retarded at New Zealand with retarded at Ker¬ 
guelen). And the group of Egress was similarly divided into 
pairs (retarded at Mokattam and Suez with retarded at Rodri¬ 
guez ; retarded at Mokattam and Suez with accelerated at 
Kerguelen; retarded at Thebes (Luxor) with retarded at 
Rodriguez ; retarded at Thebes with accelerated at Kerguelen.). 
And in each of the pairs for Ingress, the a, the / 3 , the y, of one 

station was compared separately with the a, the / 3 r the y, of the 

other; and in each pair for Egress, the 8 , the e, the £, of one 

station was compared separately with the 8 , the e, the £, of the 

other. 

The reduction of a comparison of observations made at two 
stations was thus completed. Adhering to the first steps in my 
Paper printed in the Monthly Notice of 1874, December 8, the 
registered times of all observations were converted into Green¬ 
wich Sidereal Times ; and with these, and with a‘table of Tabular 
Places and Parallaxes which has long since been circulated, the 
Tabular Geocentric Places and Tabular Local Parallaxes were 
prepared, and the apparent Local Tabular Distance between the 
centres of the Sun and Venus, affected in each case by a symbo¬ 
lical multiple n of the effect of increasing Tabular Parallax by 

—- part, was computed for every observation. This apparent 
100 

local distance between centres, thus computed for Greenwich 
time of observed contact of limbs, ought to agree with the simple 
tabular assumed difference of semidiameters; and, for each 
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Parallax from, the Transit of 1874, 


station, an equation was formed, asserting this equality, affected 
only by errors in the places and in the semidiameters of the Sun 
and planet. The effects of these latter errors were assumed to 
be equal at the observations made at the two stations, and there¬ 
fore disappeared in the comparison of the two equations, leaving 
as an unknown term the multiple of n. The numerical value of n 
being found from this equation, and the assumed numerical value 
of the Sun’s mean parallax adopted in the calculation being 
8 // ’9S°, the true value as found from these observations is 

8"- 95 o x fi+—Y 
V 100/ 

After carefully considering all the results for n, and com¬ 
bining them with proper weights, the values obtained for Mean 
Solar Parallax were the following: 


// 

By Ingress, 8*739, weight 10*46; 
By Egress, 8*847, weight 2*53 ; 
General Result, 8*760. 


In order to insure general correctness of the result, and also 
to ascertain the values of the errors in the tabular places of the 
Sun and Venus, and to show how all may be affected by possible 
errors of observation &c,, I have now thought it best to form 
equations strictly in the manner described in my paper of 
1874, December 8, and to treat the whole mass of equations, 
both for Ingress and for Egress, in one united assemblage, by 
the method proper for combination of equations. 

To prepare for this operation it appeared desirable, if 
possible, to reduce the times of all the observations at Ingress 
to the times which would have been adopted by the observers 
for phase / 3 , and to reduce all at Egress to those for phase £. Eor 
this purpose comparisons were made of all observations which 
could connect the different phenomena. The results obtained 
were 


The observation a is earlier than & by 24 s *22 ; 


'and the angular distance 
between centres of Sun and 
planet is greater at a than 
^at $ 


-by 0^*78. 


The observation y is later than 0 by 20-17; Mgukr^ distance j. by 

The observation 8 is earlier than { by 48-4 ; f [ istance }by i"-6 3 . 

The observation « is earlier than fbyai-o ; Ahk^at o" 7 2. 

Tile observation u is later 
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No use is made of tbe observations rj. 

The tabular apparent distances between the limbs of the Sun 
and Venus, having been computed for the registered time of 
every observation, were then affected with these corrections, and 
were considered to represent the true tabular distances of limbs, 
subject to the assumption that the phase /3 for Ingress and the 
phase £ for Egress, intended to correspond to apparent contact 
of the true limbs of the Sun and Venus, may require corrections 
which I shall call j 3 and £; that the tabular semidiameters of the 
Sun and planet require the corrections oR and or, and their differ¬ 
ence therefore requires the correction oR—or, which I shall call p ; 
and that the excesses of the Right Ascension and North Polar 
Distance of Venus above those for the Sun require the corrections 
e>. RA and c . NPD. There may be a clock-error or error of longi¬ 
tude affecting all the times of observation at one station, and 
therefore all the distances of limbs at one station, by the same 
quantity, different for different stations: for these the symbols 
t\, t 2 , &c. are used. When all these corrections are applied, the 
tabular distances of limbs ought to = o. This is the requirement 
which defines the form to be used for the equations ; it is assumed 
that the probable error in satisfying this requirement is the same 
for each equation. 

The equation was formed for every recorded observation. I 
do not here give all the details; I may, however, state that the 
number of observations was 54, made by 18 observers; and 
the number of equations was therefore 54. 

The following are the sums of the equations at each station. 

It is to be remarked that 0 .RA, A NPD, and p — ft, are expressed 
in seconds of arc; that t u t 2 , &c. are expressed in seconds of 
time; and that the other coefficients are abstract numbers. 

Ingress at Honolulu, io observations: 

+ 78" - 40 = — 2 ,/- 28 o x k + 6-5324 x S.RA~7-o6o6 x 5 .NPD-10 x (p-j3)-o"342 x t,. 

Ingress at Rodriguez, 8 observations : 

+ 54"-14 = + I "'554 x# + 4-8868 x 8.RA-5-9946 x 8.NPD- 8 x (p-j3)-o"-247 x t 2 . 

Ingress at Kerguelen, 9 observations : 

+ 6i' 7 -03 = + i"'937 x n + 5-3908 x 8.RA-6-844$ * 8.NPD- 9 x (p-,8)-o"'267 * A 
Ingress at New Zealand, 2 observations: 

+ i4"-20 = +o "-028 x n+ 1-2347 * 8.RA— 1-4861 x 8 .NPD — 2 x (p — £) — o" o64 x 

Egress at Mokattam and Suez, 7 observations: 

+ 26" 01 = - i"-4i5 x n- 1-7146 x 8. RA-6-7488 x 8.NPD - 7 x (p-Qq o"-239 x jf,. 
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Egress at Luxor, 5 observations: 

i9"-i7 = — o"'954 x 11— 1-2022 x 5 . RA—4-8272 x 8. NPD - 5 x (p — Q + o"-i 6 g x t 6 . 
Egress at Rodriguez, 9 observations : 

34"'73 = — o"-245 x n— 1-9692 x 5 . RA — 87432 x 5 . NPD — 9 x (p — () + o''-294 x i,. 


Egress at Kerguelen, 4 observations : 

+ i4"-o9 = +o" - 403 x n— 0-7834 x S.RA—3-9091 x 8.NPD — 4 x (p —Q + o"i25 x 

It was tlien necessary to consider the details in tlie mode of 
combining these equations, and the subjects to which the solu¬ 
tion should be directed. 

The equations are favourable for the determination of n, of 
S.RA, and of £.NPD. But when we examine the position of 
p —p and 10 — i, a new consideration presents itself. The quantity p 
as a matter affecting observation is not independent of S . RA and 
c).NPD. We can, by alteration of c. RA and 0 .NPD, alter p by 
any amount, and by the same amount at Ingress and at Egress. 

I have thought it best, therefore, to place p, as an undetermined 
constant, on the constant side of the equation, and, carrying its 
factor through all the operations which lead to ultimate solution, 
to exhibit its effect on the final results for n, for 0 . RA, and for 
ii.NPD. And I have treated the effects of possible errors of 
Greenwich time on each sum of equations (£ 1? t 2 , &c. multiplied 
by the number of equations) in the same way. 

For correct application of the Theory of Probabilities, it is 
necessary to give such a form to each of the equations which are 
to be collected that the probable errors of all will be equal. 
Let e be the probable error of the equation given by one observa¬ 
tion (all being supposed liable to the same chance-error, as has 
been mentioned). Then the probable error of the sum of the ten 
equations at Honolulu will be eVfo (the sum of the ten equa¬ 
tions must therefore be divided by */iS, and thus an equation is 
formed whose probable error is e. Now to form the Normal 
Equation most favourable for the determination of n (for in¬ 
stance), this equation of Honolulu (already formed by dividing the 
sum of equations by Vio) must be multiplied by its coefficient of 
n (which has been formed by dividing the coefficient of n, in the 
sum of equations, by a/ 10). And therefore, if the sum of equa¬ 
tions for Honolulu be multiplied by its coefficient of n, the product 
must be divided by 10 in order to form the equation proper to enter 
into the combination which forms the Normal Equation. The same 
applies to <>.RA, c.NPD. The general error of time t x will be 
simply multiplied by the reduced coefficient of n. 

Similar remarks apply to the other stations. 

The Normal Equations finally formed are the following:— 
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The value of Equatoreal Mean Solar Parallax, corresponding 
io n — — 2-1911, is 8 / ' , 754; and the mean distance of the Sun’s 
centre is 93,375)°°° m il es * 

In adopting for the results the form in which they are here 
exhibited, I have endeavoured to make them the most complete 
which it is possible to extract from the Telescopic Observations 
of the Transit of Venus now treated. 

Boyal Observatory, Greenwich, 1877, November 6. 
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Statement of Mr. GUI's Observations of Mars obtained at Ascension between July 31 and September 4, both inclusive. 

Evening Observations. Morning Observations. 
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Mr. Gill's Observations of Mars. 
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Statement of Mr. Gill's Observations of Mars obtained at Ascension between September 5 d, o and the end of the Series of Observations . 




Mr. Gill’s Observations of Mars 
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obtained at Ascension. 
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